Introduction
Until recently, unsymmetrically built or substituted aliphatic tripodal ligands have received little attention. The main reason for this situation is the cumbersome, often time consuming synthesis of such derivatives [1] . We have initiated a program to synthesize and evaluate the coordination chemistry of N-centered unsymmetrical aliphatic tripodal ligands. Initially, aliphatic tetramine tripods with an unsymmetrical topology [2] were studied. Later alcohol functions were incorporated into the tripodal ligands [3] . We reported on aliphatic tripods providing an NOS 2 donor set [4] and described the preparation and coordination chemistry of a totally unsymmetric N-centered ligand with NH 2 , OH and SH donor groups [5] .
Cobalt complexes of aliphatic amine ligands have been studied for their potential in hydrolyzing phosphate esters [6] . We intended to prepare cobalt complexes of tripods providing an NN 2 O or NNO 2 donor set and to investigate their catalytic activity in the hydrolysis of phosphate esters. However, substitution of an alkylamine donor in tris(2-aminoethyl)amine (tren) or tris(3-aminopropyl)amine (trpn) for an alkoxy donor generates a ligand with a much higher tendency to bridge metal centers with the O-donor function thereby enhancing the tendency to form polynuclear complexes. For example, the reaction of iron salts with the NNO 2 ligand H 4 -D (Scheme 1) leads to cubane clusters [7] , while the NNO 2 
N,N-bis(2-hydroxyethyl)-propylenediamine H 4 -3
Lithium aluminium hydride (4.00 g, 0.105 mol) is suspended in THF (120 ml) and placed in a 250 ml Schlenk flask. After stirring for 30 minutes while cooling to −5 • C, concentrated sulfuric acid (3.85 g, 0.038 mol) is added carefully dropwise (Caution: this is a strongly exothermic reaction with hydrogen evolution). The suspension is stirred for 60 minutes and N,N-bis(2-hydroxyethyl)-3-aminopropionitrile H 2 -2 (3.09 g, 0.02 mol) dissolved in THF (30 ml) is slowly added. The reaction mixture should not be allowed to boil during addition of the nitrile. The reaction mixture is stirred at room temperature for 8 h and then quenched by slow addition of degassed water (6.2 g, 0.34 mol) at 0 • C. The resulting suspension is filtered under argon. The filtrate contains H 4 -3 and side products, but most of the ligand is found in the solid residue. It is isolated by continuous extraction with methanol for one to three days. The methanol extract and the original filtrate are combined and dried over sodium sulfate. Removal of the solvent yields a colorless to yellow residue, which is suspended in dichloromethane and dried over sodium sulfate. The drying agent and precipitated lithium salts are separated by filtration through Celite R . Distillation under reduced pressure (180 • C, 0.05 mbar) gives H 4 -3 as a colorless viscous oil. Yield 1.03 g (6.35 mmol, 32% 
Anhydrous cobalt(II) chloride (195 mg, 1.5 mmol) is suspended in THF (20 ml). Ligand H 5 -1 (220 mg, 1.5 mmol) is added and the reaction mixture is stirred for 5 days. The amount of cobalt(II) chloride decreases and a small residue of blue powder is removed by filtration. Diffusion of diethyl ether into the resulting blue solution gives blue air sensitive crystals, presumably of complex 4. These crystals are isolated by filtration, dissolved in methanol and exposed to air. The color changes from blue to red. Slow diffusion of diethyl ether into the red solution gives dark red single crystals of [5] 
[Co
A solution of H 4 -3 (330 mg, 2.0 mmol) in methanol (10 ml) is added to a solution of CoCl 2 · 6H 2 O (470 mg; 2.0 mmol) in methanol (15 ml). To this is added triethylamine (400 mg, 4.0 mmol) and the resulting red brown solution is stirred for 5 days. Diffusion of diethyl ether into the reaction mixture gives a precipitate of colorless needles (HNEt 3 Cl) which are covered by a dark red amorphous material. Several recrystallization steps allow to remove the triethylammonium chloride and the isolation of dark red crystals of [6] [10] and refinement [11] were achieved with standard Patterson and Fourier tech-niques. All non-hydrogen atoms with the exception of three of the four non-coordinated methanol molecules and the water molecule in [6] Cl 2 · 4CH 3 OHH 2 O were refined with anisotropic displacement parameters. The positional parameters of the atoms of these solvent molecules, which are partially disordered, were refined with isotropic displacement parameters. Hydrogen atoms were added to the structure models in calculated positions with two exceptions: (i) no hydrogen positions were determined for disordered solvent molecules and (ii) the positional parameters for the proton at the bridging hydroxyl group in [5] 3− were identified and refined. The asymmetric unit of [6] Cl 2 · 4CH 3 OHH 2 O contains two independent halves of the cation [6] 2+ , each of which is related to the second half by an inversion center.
Selected crystallographic details for [5] 
Results and Discussion
A procedure similar to the one published for the preparation of H 5 -1 [3b] can be used to synthesize lig- and H 4 -3 (Scheme 2). Michael addition of acrlonitrile to diethanolamine [12] gave H 2 -2 in nearly quantitative yield. The nitrile group of H 2 -2 was reduced with aluminium hydride, which was prepared from LiAlH 4 and concentrated sulfuric acid [13] .
Complex [5] (CoCl 4 )Cl was isolated from the reaction of ligand H 5 -1 with cobalt(II) chloride followed by aerial oxidation (Scheme 3). The reaction mixture of H 5 -1 and anhydrous cobalt(II) chloride in THF remained a suspension with a decreasing amount of cobalt(II) chloride upon stirring for several days. Filtration of this suspension afforded a dark blue solution. Diffusion of diethyl ether into this filtrate under anaerobic conditions precipitated dark blue single crystals of a cobalt(II) species (presumably 4). These crystals dissolved in methanol. Upon aerial oxidation the blue methanol solution turned to red immediately. From this red solution dark red crystals of [5] (CoCl 4 )Cl precipitated upon addition of diethyl ether.
The presence of ligand 1 n− in the red crystals can be concluded from an IR spectrum. The MALDI mass spectrum suggests a chemical composition of one cobalt atom and two molecules of ligand (H 4 -1) − . The X-ray diffraction analysis of the red crystals shows the composition to be [5] are present in the crystals. Co II is found in the tetrahedral [CoCl 4 ] 2− dianions which together with Cl − constitute the anions in the crystal structure. The cation [5] 3+ is a triply bridged dinuclear Co III complex with (H 4 -1) − as a tetradentate ligand (Fig. 1) . Only the alcohol functions of the ligands are deprotonated. They act as bridges between two Co III centers. The third bridge is formed by a hydroxo group.
All [14] , acetate [15] , phosphine oxide [16] and alkoxide or hydroxide anions [16, 17] as bridging ligands. In most cases cobalt is coordinated by six oxygen atoms. Two of the described com- plexes are closely related to [5] 3+ . An N 3 O 3 donor set like in [5] [14 -17] .
The hexanuclear arrangement of the cobalt atoms in [6] 2+ is unique. A tetranuclear Cu II 2 Co III 2 ring is known with diethanolamine as a ligand [18] . In this molecule diethanolamine coordinated to Co III is doubly deprotonated with one alkoxo function bridging two metal centers and the other one coordinating to only one metal. EPR experiments established that the tetranuclear complex retains its structure in methanol or DMF solution.
In summary, coordination of both H 5 -1 or H 4 -3 promotes the oxidation of Co II to Co III . Further variations of aliphatic tripodal ligands may provide more interesting structural arrangements in cobalt coordination chemistry, because the ligand topology is one governing force in the cluster formation aside from the nature of the metal site or the solubility of the resulting coordination compounds.
